This case report describes the early use of functional electrical stimulation on an individual with an incomplete spinal cord injury to assist with motor recovery and a return to ambulation. A 32-year-old woman sustained a C7 burst fracture after a fall, requiring anterior cervical fixation from C6 to T1 prior to transfer to acute rehabilitation. She presented as a C8 AIS B spinal cord injury, meaning she had some sensory function spared below the level of injury but not motor function. At discharge from acute inpatient rehabilitation, she was able to ambulate household distances with supervision using a rolling walker and required a manual wheelchair for community mobility. Four months after discharge, she was ambulating in the community using a standard cane. F unctional electrical stimulation (FES) cycle ergometry uses electrical current to stimulate peripheral motor units during a functional task such as cycling. Although FES cannot reverse denervation, it can assist with the conversion of type II fast-twitch muscle fi bers back to type I slow-twitch muscle fi bers (1). FES reverses the order in which muscle fi bers are recruited from that of a volitional muscle contraction. Fast-twitch, fatigable muscle fi bers are recruited fi rst, followed by fast-twitch, fatigue-resistant units and then slowtwitch, fatigue-resistant units (2). Th is is clinically signifi cant because after spinal cord injury (SCI), individuals are less active due to decreased motor and sensory function below the level of injury, resulting in the loss of type I fi bers. Repeated use of FES can lead to sensorimotor improvements as well as cortical reorganization, changes that cannot be accomplished with passive range of motion alone (1) due to lack of sensory or motor input or activation of motor units, which is essential for motor relearning and neuromuscular reeducation. When movement is generated in paralyzed musculature, cortical reorganization begins to take place and may lead to long-term eff ects, such as ultimately assisting with return to ambulation. Th is case study describes the use and response of FES in an individual with incomplete SCI.
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CASE DESCRIPTION
A 32-year-old woman fell from a second-story balcony and sustained a C7 burst fracture with retropulsion requiring anterior cervical fi xation from C6 to T1 and sutures to the left knee. Her goal at initial evaluation was to ambulate, but the goal evolved to improving all areas of function that were spared. Before the accident, the patient was healthy and physically active, and she was highly motivated to focus on her rehabilitation. She was also able to continue working during rehabilitation.
Th e patient was a good candidate for FES since she had sensory function below the level of her injury and positive rectal tone. Based on assessment with the American Spinal Injury Association Impairment Scale (AIS) (3) during her initial examination, the last fully innervated spinal level for both sensory and motor function was C8 AIS B, indicating absent motor function but intact sensation below the level of injury; however, this result was questionable initially due to inconsistent responses during the exam. Passive range of motion of upper and lower extremities was determined to be within functional limits, and ankle clonus was noted bilaterally. Intermittent physical assistance was required for her to maintain static sitting balance at the edge of the bed, and minimal assistance was required during dynamic sitting balance activities such as reaching within 2 inches of her base of support.
Th e patient participated in a comprehensive SCI inpatient rehabilitation program for 8 weeks. After she provided informed consent, FES was added to the interventions. Initially, FES resulted in sensory stimulation but did not produce any visible muscle tetany. Th e setup included two sets of two electrodes placed over the quadriceps, hamstrings, tibialis anterior, and gastrocnemius muscles bilaterally in a cephalad and caudal pattern, for a total of 16 electrodes. Th e goal was to have 20 minutes of stimulation and a 5-minute warm-up/cool-down period with no stimulation during each FES session. As shown in Figure 1 , stimulation time was less than 20 minutes due to unexpected factors, such as late arrival to the therapy session, wound care issues, and fatigue, and the warm-up/cool-down period was often skipped. At times, the patient could not tolerate FES stimulation on her left leg due to her knee wound. Th e intensity of the current was adjusted and sometimes stopped to allow continued comfort.
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Christina Fazio, PT Initially, the patient could feel the electrical current, but muscle tetany was not achieved. With continued use of FES 3 to 5 days a week, she began to demonstrate muscle tetany and observable motor changes, beginning with trace movement in the adductor muscles, followed by the right quadriceps muscle without FES use and progressing to movement against gravity and fi nally support of her own body weight with use of an assistive device. Body weight-supported treadmill training was initiated and utilized in addition to FES to assist with neuromuscular reeducation. Once the patient was able to ambulate over ground, we began to utilize bilateral double-adjustable ankle-foot orthoses to control anterior tibial translation over the talus for increased knee control and stability, prevention of knee hyperextension in the stance phase of gait, and assistance with toe clearance during the swing phase of gait due to weakness in the anterior tibialis muscle. A platform rolling walker was initially used to assist with proximal hip weakness. Th e patient progressed to the use of a rolling walker after she demonstrated improved strength and control in her gluteal muscles.
Th e patient had increased diffi culty maintaining a neutral pelvis, evidenced by a signifi cant anterior pelvic tilt with increased lumbar lordosis and knee hyperextension. Th erefore, FES was utilized for core strengthening. Th e setup included stimulation to the transversus abdominis and oblique muscles to assist with stabilization and to reduce anterior pelvic tilt along with manual facilitation. Good results were observed while the patient performed standing balance exercises or core strengthening exercises in both seated and supine positions. Th e wound over her left knee prevented weight-bearing activities in quadruped and tall kneeling, which are typically used to facilitate core and gluteal strengthening.
Progress continued on a weekly basis during her 8-week inpatient rehabilitation stay. Initially, she had no active movement in bilateral lower extremities, but with continued FES treatment she began to demonstrate motor return in bilateral lower extremities and was able to return to ambulation after 11 FES treatments, with decreased amounts of electrical stimulation required to achieve muscle tetany and produce an active muscle contraction (Figure 2 ) for all muscles with the exception of the left anterior tibialis muscle. At discharge, she ambulated in her home with supervision using a rolling walker and used a manual wheelchair for community mobility.
DISCUSSION
Th e many proposed benefi ts of FES during acute rehabilitation include prevention of disuse muscle atrophy, maintenance of bone mineral density, neuromuscular reeducation, improvement of functional mobility, and strengthening (4) (5) (6) (7) (8) . Longterm eff ects of FES are still undetermined, and more research is needed in this area.
At present, minimal research describes the use of early FES during acute inpatient rehabilitation to assist with return to ambulation for individuals with incomplete SCI. Results from this case report indicate that early FES cycling following SCI may facilitate conversion from sensory incomplete to motor incomplete, thus increasing the probability of returning to ambulation. However, for patients to benefi t from FES, they must be able to feel the electrical stimulation, and/or muscle tetany should be achieved. If neither of these factors is produced, then the likelihood of the individual's developing any motor changes is signifi cantly decreased. With continued FES use, this patient was able to develop volitional muscle contractions and move against gravity in bilateral quadriceps muscles and hamstrings. She also progressed to supporting her own body weight and ultimately returned to ambulation at home. Four months after discharge, she was ambulating in the community using a standard cane. Th e success of the FES intervention presented in this case study indicates that further research is needed to develop standardized treatment protocols and recommended practices for acute motor relearning in the incomplete SCI patient population. Limitations of this case study include the inability to examine how manual muscle testing scores changed from week to week with continued use of FES and the absence of standardized outcome measures such as Timed Up and Go, fi ve-time sit-stand test, Berg Balance Scale assessment, and 6-minute walk test. It would have been benefi cial to look at the results of outcome measures, manual muscle testing scores, and modifi ed Ashworth scores in addition to functional independence measure scores to see how continued use of FES aff ected this patient's functional mobility and to gain a better understanding of how she responded to stimulation.
